CORPUS LUTEUM SIZE AND PLASMA PROGESTERONE CONCENTRATION DURING THE ESTROUS CYCLE IN CHEURFA COW OF ALGERIA by FERROUK, Mostapha et al.
Agricultura                                                                               no. 3 –4 (111-112)/2019                                                                                      Agriculture  
 
 
- 333 - 
 
CORPUS LUTEUM SIZE AND PLASMA PROGESTERONE 
CONCENTRATION DURING THE ESTROUS CYCLE IN 
CHEURFA COW OF ALGERIA 
 
FERROUK1)* Mostapha, Nouria BOUKENAOUI-FERROUK1,2),  
Ismail GHARBI1), Djamila BAAZIZ-AMMI1), Djallal ADEL1),  
Mohamed LAFRI1), Jean Marie EXBRAYAT3) 
1)University Blida 1, Institute of Veterinary Sciences, Laboratory of Biotechnology related to 
Animal Reproduction (LBRA), BP 270 Road of Soumaa Blida, Algeria 
2)University of Sciences and Technology Houari Boumediene (USTHB), Faculty of Biological 
sciences, Laboratory of Research on Arid Lands (LRZA), BP 32 El Alia, Bab Ezzouar, 16111, 
Algiers, Algeria 
3)University of Lyon, UMRS 449, General Biology, Reproduction and Comparative 
Development; Catholic University of Lyon; EPHE, PSL, 10 Place of Archives, F-69288 Lyon 
Cedex 02, France          
 * Corresponding author: m_ferrouk@univ-blida.dz   
 
 Abstract: The aim of this study was to assess the relationships between the evolution 
of the corpus luteum size determined by ultrasonography and plasma progesterone 
concentration in Cheurfa cows during the estrous cycle. Luteal activity was evaluated daily by 
plasma progesterone concentrations determined by radioimmunassay at each ultrasound 
examination. The interovulatory interval was 20.5±0.6 days. The corpus luteum clearly 
delimited 2 days after ovulation reached its maximal size on day 10. The plasma progesterone 
concentration reached its maximum on days 14. There was a day effect of estrous cycle on 
corpus luteum size (P<0.0001) and plasma progesterone concentration (P<0.0001). During the 
growing and regression phases of corpus luteum, a significant correlation was found between 
plasma progesterone concentration and corpus luteum size. In conclusion, the relationships 
between the corpus luteum size and plasma progesterone concentrations throughout the estrous 
cycle in Cheurfa cow were similar to other cattle breeds. 
 




In Algeria, all local bovine breeds identified and named on the basis of their 
geographical location are varieties of the ‘Brune de l’Atlas’ breed. The local Cheurfa 
cattle located in eastern Algeria is an important genetic entity (Boushaba et al., 2018) 
often cited for its hardiness, adaptation to difficult local conditions, ability to value 
poor food, and resistance to parasites and diseases (Yakhlef, 1989). Their production 
performances in milk and meat are low (Yakhlef, 1989). However, the knowledge 
about the reproductive physiology of local Cheurfa cow is still limited. Thus, it is 
essential to understand the estrous cycle characteristics, particularly the events related 
to the development of the corpus luteum (CL) and its functionality. 
The CL is an endocrine gland with a lifespan limited secreting essentially 
progesterone (Miranda-Moura et al., 2010; Tomac et al., 2011). It plays a principal role 
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in the regulation of estrous cycle and maintenance of pregnancy (Niswender et al., 
2000). Thus, the correct diagnosis of its presence and the estimation of its functional 
status are important for the successful management of the reproductive activity of dairy 
cows (Galvao et al., 2007). Furthermore, plasma progesterone concentration (P4) was 
recognized as a valid indicator of different reproductive stages in cows (Wilsdorf et al., 
2016) but the P4 analysis requires specific equipment and time (Skenandore et al., 
2017). However, the ultrasonographic exam of ovaries is noninvasive method and 
provides information in real time on the functional status of the CL (Kastelic et al., 
1990a; Siqueira et al., 2009; Thijssen et al., 2011). Therefore, several studies have 
shown the existence of correlation between the CL size and P4 during estrous cycle in 
cattle (Kastelic et al., 1990a; Assey et al., 1993; Rocha et al., 2019). 
The aims of this study were to determine the pattern of developmental of CL 
using ultrasonography and to characterize the relationship between CL size and P4 
throughout estrous cycle in Algerian Cheurfa cow. 
 
MATERIAL AND METHOD 
 
 Animals and experimental design: This study was conducted on six Cheurfa 
local cows (04 primiparous and 02 multiparous) reared at the experimental farm of 
Blida 1 University (Algeria) (36°28' N., 2°49' E.). The cows were 4 to 6 years-old with 
a body weight from 250 to 280 kg and body condition score of 2.5 to 3. The cows were 
housed in a semi-open, tie-stall building. The animals received water ad libitum and 
dry fodder made from vetch and oats, and locally produced concentrate.  
 All cows were assigned to the OvSynch protocol synchronization in previous 
experimentation. After the last injection of GnRH, all animals controlled by a 
transrectal ultrasonography of ovaries had ovulated.  
 Ultrasound examination: Fifteen days after synchronization and ovulation, 
the ovaries were scanned daily until spontaneous ovulation then continued for a total of 
8 complete estrous cycles from six cows. Ultrasound scans were performed in the 
morning by the same operator using B-mode ultrasonography (Pie Medical 100 Falco, 
6.0-8.0 MHz linear probe). A frequency of 6.0 MHz was used for this study. After 
viewing the image of the ovary in the monitor of the ultrasound device, each ovary was 
scanned several times in different planes to identify the largest follicle and CL and 
their location on the right or left ovary. The ultrasound images obtained have been 
interpreted according to the identification criteria of Pierson et Ginther (1988). The day 
of ovulation determined by the disappearance of the largest follicle was designated as 
day 0 of estrous cycle.  
 The better ultrasonography images of the CL were frozen, recorded and 
transferred to a computer equipped with a video capture board and saved. The presence 
of a central cavity within the CL was noted. 
 CL diameter was determined by taking the average of two measurements 
length (L) and width (W) obtained using the built-in calipers of the ultrasound scanner. 
CL area was calculated by the formula : area = π × R2  (Kastelic et al., 1990a) and CL 
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volume by the formula : volume = 4/3 × π × R3 using a radius (R) obtained with the 
formula R = (L/2 + W/2)/2 (Carvalho et al., 2015). 
 Blood samples and progesterone analysis: Prior to each ultrasound 
examination, blood sample was collected daily by jugular venepuncture, using 
vacutainer tube containing lithium heparin. Then, the samples were centrifuged and the 
plasma was stored at -20°C until analysis. 
 P4 were measured by radioimmunassay (RIA) technique using a commercial 
RIA kit (Immunotech, Marseille, France). All samples were studied in duplicate 
assays. The values were read on a gamma counter. Intra- and inter-assay coefficients of 
variation were 5.4% and 9.1%, respectively. The P4 were expressed in ng/ml.  
 Statistical analysis: The values of data were expressed as the mean±S.E.M. 
CL size and P4 were tested for normality with the Shapiro-Wilk test. Data were 
normally distributed. Interovulatory intervals of the natural estrous cycles varied 
between 19 and 23 days. Data were normalized to the mean length of interovulatory 
interval according to Pierson and Ginther (1986). The correlation between CL size and 
P4 was quantified by Pearson correlation coefficients. One-way analysis of variance 
(ANOVA) was used to study the variability due to different days along the cycle 
(P<0.05). Statistical difference was considered significant when P<0.05. 
 
RESULTS AND DISCUSSIONS 
 
 For normalized interovulatory intervals, means and results of statistical 
analysis for CL size and P4 during interovulatory intervals are shown in figure 1.  
 In the present study, the length of interovulatory interval (20.5±0.6 days; 
range=19-23 days) was consistent to those recorded in cattle (Messine et al., 2007; 
Forde et al., 2011). CL formed after ovulation was detected more frequently in right 
than left ovary (62.5 vs 37.5%). These results were in agreement with previous studies 
in cattle, showing that there is great follicle activity on right ovary and consequently 
ovulations are more frequent at this side (Geres et al., 2011; Trigal et al., 2014; 
Karamishabankareh et al., 2015).  
 Corpus luteum size: The ultrasound images obtained showed that the CL was 
clearly delimited from ovarian stroma and can be measured at 2 days after ovulation 
until the end of the estrous cycle. The percentage of CL with cavity (62.5%) observed 
in our study was consistent to the results reported in cattle (33 to 77%) (Kastelic et al., 
1990b; Singh et al., 1997; Siqueira et al., 2009; Herzog et al., 2010). The presence of 
this central luteal cavity did not affect luteal function determined by P4 (Kastelic et al., 
1990b; Rocha et al., 2019). 
 During estrous cycle, the evolution profile of the CL size (Figure 1) was 
characterized by a progressive increase from day 2 to day 6 (+32, +13 and +68% for 
CL diameter, area and volume respectively) (luteogenesis phase), then a plateau phase 
during diestrous between day 6 to day 13 with the maximal size on day 10 (mid-
diestrous), followed by a slow decrease after day 13 until subsequent ovulation (-56,-
152 and -279% for CL diameter, area and volume respectively) (onset of luteolysis). 
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Significant increases of CL diameter (P<0.01) and area (P<0.05) were observed 
between days 2 and 4, and between day 2 and day 5 for CL volume (P<0.001).  
 
 
Fig. 1 . Relationships between plasma progesterone concentrations (○) and CL diameter 
(a), CL area (b) and CL volume (c) in Cheurfa cow during estrous cycle. A time effect was 
detected in P4 (P<0.0001), CL diameter (P<0.0001), CL area (P<0.0001); and CL volume 
(P<0.0001). Different letters in lower case indicate significant difference among days of the 
estrous cycle. Diam : diameter; Vol : volume. 
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The first significant decrease of CL size was observed between day 15 and day 
16 of the estrous cycle (P<0.01). A time effect was detected in CL diameter 
(P<0.0001), area (P<0.0001) and volume (P<0.0001) (Figure 1). The evolution profile 
of CL size observed during the estrous cycle was similar to that described in cattle 
(Kastelic et al., 1990a; Singh et al., 1997; Siqueira et al., 2009; Herzog et al., 2010; 
Gomez-Seco et al., 2017), goats (Arashiro et al., 2010) and sheep (Gonzalez-Bulnes et 
al., 2000). The CL size increase corresponds to hyperplasia and hypertrophy of 
steroidogenic cells (Yoshioka et al., 2013) associated with a highest blood flow 
(Herzog et al., 2010; Skarzynski et al., 2013). Furthermore, the CL size decrease was 
characterized by degenerative and remodeling changes of CL tissue (Pate, 1994) 
including regression of capillaries, increased connective tissue, regression and death of 
luteal cells (Juengel et al., 1994) that requires more time, resulting in temporal 
difference between functional and morphological luteolysis (Arashiro et al., 2010). 
 Plasma progesterone concentration:  The evolution profile of P4 during the 
estrous cycle was shown in figure 1. The P4 increased continuously from day 0 
(0.53±0.10 ng/ml) till day 14 (8.97±1.54 ng/ml), and then decreased below 1ng/ml two 
days before subsequent ovulation.   
 During the luteal development, P4 increased faster between days 0 to 6 (+79%, 
P<0.01) than between days 6 to 14 (+40%, P>0.05) and during the luteal regression, P4 
decreased rapidly (-1146%, P<0.0001) from day 14 to day 20. A time effect was 
detected in P4 (P<0.0001) (Figure 1). Similar to our study, Diaz et al. (1986) found the 
same pattern of evolution P4 during estrous cycle in Bos indicus and Bos Taurus.  
 Relationships between corpus luteum size and plasma progesterone 
concentration:  During the growing phase, positive and significant correlations 
between P4 and CL diameter (r=0.66; P<0.0001), area (r=0.53; P<0.0001) and volume 
(r=0.52; P<0.001) were found from day 2 to day 6.  Our findings were in agreement to 
those obtained in cattle by previous studies (Kastelic et al., 1990a; de Tarso et al., 
2017). The P4 increased faster than the CL size (79% vs +32%, +54% and +68% in 
diameter, area and volume respectively; P<0.0001), similarly to that reported by 
Gomez-Seco et al. (2017). Contrarily, other studies reported that the CL area (Kastelic 
et al., 1990a), volume (Kamimura et al., 1993), weight (Mann, 2009), and P4 appeared 
to increase at a similar rate during the development phase. 
Furthermore, while the CL size did not change significantly from day 6 to day 
13, P4 increased continuously until day 14 suggesting further endocrine activity during 
this period (Mann, 2009).The maximum average size of the mature CL observed on 
day 10 in the local Cheurfa cow was close to that reported in cattle (Akter et al., 2010; 
Endo et al., 2012), whereas the maximum P4 was detected later on day 14; showing 
that morphological maturation occurs before functional maturation (Mann, 2009). Our 
findings were in agreement with those reported by Siqueira et al. (2009). During the 
regression phase, positive and significant correlations between P4 and CL diameter 
(r=0.65; P<0.0001), area (r=0.59; P<0.0001) and volume (r=0.59; P<0.0001) were 
found from day 14 to day 20. Our results were in agreement with those reported by 
Luttgenau and Bollwein (2014) and Pandey et al. (2018). The decrease of P4 was more 
rapid than the CL size (1146% vs -56%, -152% and -279% in diameter, area and 
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volume respectively; P<0.0001). Similar results were obtained by Herzog et al. (2010) 
and Gomez-Seco et al. (2017). The pattern of the morphological (CL size) and 
functional (P4) regression observed at onset of luteolysis was similar to that reported in 
cattle (Kastelic et al., 1990a; Siqueira et al., 2009; Herzog et al., 2010), goats (Arashiro 
et al., 2010) and sheep (Davies et al., 2006). This decline in progesterone secretion 
probably occurred as a result of decreased blood flow to the CL affecting the 
steroidogenic capacity of luteal cells (Niswender et al., 2000; Herzog et al., 2010; Gaur 
and Purohit, 2019), since the CL size did not decrease at the same rate (Siqueira et al., 




 The evolution profile of CL size and P4 was similar to those observed in other 
cattle breeds and the ultrasonographic determination of the corpus luteum size can be 
use as an indicator of its functional status. 
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